Background. Diabetic nephropathy is the most common disease leading to end-stage renal disease (ESRD) in many countries including Germany. Some previous studies, mainly from the US, suggest that low socioeconomic status (SES) may increase the risk of ESRD. No data are available whether the SES influences the development of diabetic nephropathy in patients with diabetes mellitus in Germany. Methods. This cross-sectional study was performed on patients treated at a large university outpatient department for endocrinology and metabolic diseases. A total of 174 patients with type 1 and 651 patients with type 2 diabetes and chronic preterminal diabetic nephropathy were studied [mainly chronic kidney disease (CKD) Stages 2 and 3]. Only very few CKD Stage 5 patients were included. Patients with acute kidney injury or abnormal urinary sediment were excluded. Patients were asked about their social status using a questionnaire. Social status was determined by three components: education, highest professional position achieved and household net income. Each component was assessed by a score with 1 to 7 points to generate a total score with a minimum of 3 up to maximum of 21 points. Smoking habits were also assessed by questionnaire. HbA1c, systolic and diastolic blood pressure and body mass index from the last observation were recorded. Estimated glomerular filtration rate (eGFR) was calculated according to the modified equation 7 MDRD formula. Patients were grouped into the CKD stages according to eGFR and presence of albuminuria. Multivariate analysis was used for data analysis. Results. Patients were grouped in tertiles according to their social status (Tertile 1: 307, Tertile 2: 269, Tertile 3: 269 patients). The majority of type 1 (50.9%) and type 2 (64.9%) patients were in CKD Stages 2 and 3. Multivariate analysis revealed that SES is an independent predictor of renal function in all patients as well as in type 2 diabetic patients with diabetic nephropathy. This relationship was independent of smoking behaviour, duration of diabetes and HbA1c values. There was no association between renal function and SES in type 1 diabetic patients, but a type 2 error caused by low patient number cannot be excluded. Furthermore, no significant association between SES and albuminuria (defined !20 mg/L) existed. There was no significant difference in the number of visits to the clinic in regard to SES excluding referral bias. Conclusions. A lower SES was associated with the presence of diabetic nephropathy in patients with type 2 diabetes in a German population. The causes for this association are likely multiple.
Introduction
Diabetic nephropathy due to type 2 diabetes is in many countries including Germany a leading cause of end-stage renal disease (ESRD) [1, 2] .
Analysis in several countries (Sweden, UK, Asia and the USA) suggest a higher incidence of renal disease in patients with low socioeconomic status (SES), defined differently in various studies [3] [4] [5] [6] [7] [8] [9] [10] . However, part of this association may be due to ethnic minorities with lower SES, but other genetic risk factors, making the socioeconomic factor an important confounding factor [11, 12] . Therefore, the present study was undertaken to analyse a potential relationship between socioeconomic factor and diabetic nephropathy in a relatively homogeneous population of Caucasian people cared for at a tertiary university diabetes centre. Our cross-sectional study revealed a close correlation between low SES and diabetic nephropathy in patients with type 2 diabetes independent of other factors. To the best of our knowledge, this is the first study showing such a relationship in a well-defined collective of German patients.
Patients and methods
This retrospective cohort study was performed to identify a potential association between SES and renal function in patients with types 1 and 2 diabetes from a tertiary university hospital with a large diabetes clinic.
Patient data are stored in an electronic database EMILä (http://www.itcms.de). Data from the years 1989 to 2007 were analysed. A total of 174 patients with type 1 and 651 patients with type 2 diabetes were investigated who had data for at least two standardized creatinine and albuminuria measurements. Only Caucasian patients were studied (determined by asking the ethnic origin of both parents). Electronic medical records were examined [13, 14] . Patients attended the clinic normally every 3 months or according to clinical needs. Access to health care at the University Outpatient Clinic was similar for all. The University Hospital is the only hospital in town and also functions as a municipal hospital. Besides our clinic, there are only two additional primary physicians in Jena specialized in the treatment of diabetic patients. We care for~75% of all diabetic patients in the region. Therefore, we strongly believe that the studied collective reflects very well the general population of diabetic patients in our town. The overall number of visits to the ambulatory care was independent of the SES indicating equal access for all patients (patients with the lowest SES 36.6 AE 27.3; patients in the second quartile: 34.6 AE 23.1; patients in the third quartile: 36.4 AE 24.8, patients in the with the highest SES: 32.9 AE 24.2 total visits; not significant). In addition, we offer no specific care for private-paying patients. Therefore, we do not think that referral bias or unequal access to the clinic may have influenced our analysis. Only very few dialysis patients were part of this ambulatory population [14] and all included dialysis patients were employed. Only stable outpatient diabetics were included in this study. Patients with acute kidney injury [patients admitted to the hospital with evidence and/or risk factors for acute kidney injury-e.g. increase in serum creatinine 23 of baseline, patients after invasive procedures such as surgery or contrast media application, acute infection (diabetic foot), abnormal acute urinary sediment findings or pathological sonography] were excluded. Albuminuria was determined by nephelometry the first morning through urine samples and is expressed in mg/L according to the recommendations of the German Diabetes Society. Estimated glomerular filtration rate (eGFR) was calculated according to the modified equation 7 MDRD formula [15] . Patients were grouped into the chronic kidney disease (CKD) stages according to the eGFR and presence of albuminuria [16] . Patients were considered as chronic if CKD stages were confirmed at two separate visits during 1 year. The majority of patients had no urinary sediment findings suggesting glomerulonephritis (e.g. a haematuria, acanthocytes), but not all patients had a recent urinary sediment analysis. SES was determined by the three components education, highest professional position achieved and household net income. Each component was assessed by a score of 1-7 points to generate a total score with a minimum of 3 and maximum of 21 points [17] . This score has been previously used in SES studies in Germany and is validated [17] . Patients were grouped in tertiles according to their SES. HbA1c levels were analysed by high-performance liquid chromatography. HbA1c values were adjusted to Diabetes Control and Complications Trial standards with an evaluated standardization procedure [18] . HbA1c is registered as absolute and relative value by dividing the absolute value by the mean of local healthy subjects. For each patient, the mean HbA1c of all visits was used for calculation. Analysis of HbA1c values was weighted because not every patient had the same number of HbA1c measurements [18] .
Statistical analyses
For descriptive statistical analysis, means, SD, absolute and relative frequencies were calculated. Statistical analysis was performed with the t-test. For estimating possible relationships of eGFR 60 mL/min with SES, binary logistic regression models were constructed for all patients according to the tertiles of SES as the dependent variable. In another model, albuminuria (>20 mg/L) was considered as dependent variable. The multivariate models were stepwise backwards and forwards adjusted for hypertension (blood pressure > 140/70 mmHg), gender, duration of diabetes, mean adjusted HbA1c, body mass index (BMI), smoking and age [14] . A P <0.05 was considered significant. Statistical analysis was performed with SPSS 16.0 (SPSS, Chicago, IL) and SAS 9.1 (SAS Institute, Inc., Cary, NC).
Results
About 58.6% of all patients filled out the questionnaire completely (174 type 1 diabetes, 651 type 2 diabetes), 99.5% of all patients were members of the German 'public' mandatory health insurance and there was no difference between the SES tertiles making it extremely unlikely that patients with higher SES may have received better or other care outside the University Hospital, (for example, by private physicians). The most common reason for incomplete questionnaire was the refusal to give information concerning household net income or allowance to save these data in the electronic patient record. At the time of the last observation, the study population for types 1 and 2 diabetic patients had the characteristics shown in Table 1 . The studied group of 58.6% patients was representative for the whole population treated in our outpatient clinic (n ¼ 2452 patients, minimal changes were found in age with the whole collective's mean age being 2 years younger than the study group, and duration of disease where the mean duration was 1 year less in the whole population compared with the study group, and no differences were found for blood pressure, HbA1c values and BMI). Data for grouped patients with types 1 and 2 diabetes and the tertiles SES are shown in Tables 2-4 . No significant difference in the number of visits to the outpatient clinic was found among the different SES tertiles indicating that the access to health care was similar for all patients. Because the number of Figure 1 shows the relationship between the CKD Stage (1-5) and the tertiles of SES for all (diabetes types 1 and 2) patients. It is clearly visible that the number of patients in CKD Stages 2-5 is increasing with decreasing SES. A similar relationship was found when only type 2 diabetes patients were analysed ( Figure 2 ). In contrast, no clear association between tertiles of the SES and CKD stage was found in patients with type 1 diabetes (Figure 3 ). Multivariate regression analysis for all (types 1 1 2 diabetes) patients revealed that the SES as independent variable was highly significantly correlated with an estimated GFR <60 mL/min (see Table 5 ), whereas such a relationship was not found in type 1 diabetes patients (Table 1, Figure 3 ). However, in type 1 diabetic patients, a lower SES was significantly correlated with the degree of albuminuria (Table 3) . Moreover, no association was found between albuminuria ! 20 mg/L as dependent variable and SES (Table 6) , although there was a close significant correlation with 'classical' risk factors for albuminuria (hypertension, smoking, adjusted mean HbA1c, duration of diabetes).
Discussion
Our study suggests that SES is an independent factor for low renal function in a population of type 2 diabetic patients, but not for type 1 diabetes patients. Since a similar relationship was found in all patients (combining types 1 and 2 diabetic patients), we cannot exclude that the relatively low number of type 1 diabetes patients induced a type 2 error in our analysis.
A relationship between SES and progression of renal disease and/or degree of albuminuria has been found in several studies in various countries [3] [4] [5] [6] [7] [8] [9] [10] . Such relationships exist for diabetic as well as nondiabetic nephropathies [19, 20] . In addition, the risk of diabetes manifestations also increases with a low SES [21] . However, minority populations with lower SES in other countries such as African-Americans and Native American Indians may have certain genetic risk factors making it difficult to separate between genetic and other factors [4, 22, 23] . Moreover, patients with lower SES are often uninsured and have a restricted access to health facilities in certain countries (e.g. USA) [4, 8] . Therefore, a major advantage of our study is a relatively homologous population of Caucasian patients. Moreover, in Germany, mandatory health insurance exists with only a relatively low number of uninsured people [24] . In addition, the number of patient visits to the outpatient clinic was independent from the SES in our study. Since the majority of our patients were members of the public mandatory health insurance and were not members of 'private' insurance companies, it is very unlikely that patients with higher SES were treated outside the university by private physicians and may have received better care (referral bias). Therefore, our study excludes important confounding factors of previous studies which show a relationship between SES and renal disease. Nevertheless, one may critically ask what is the advantage of our relatively small single-centre study compared with the analysis from Sweden with almost 2000 patients [6] . We believe that our single-centre study has clear advantages. First, we focused only on diabetic patients who are treated with a standardized regime in a single centre and we believe that even minor changes in therapy (e.g. use of angiotensin I conversion enzyme inhibitor versus other antihypertensive drugs) can influence the outcome in multicentre studies, second, calculation of eGFR and classification of CKD depend on the correct measurement of serum creatinine and current recommendations have been made to improve this critical point [25, 26] . A single-centre study such as ours offers the advantage of measurement of laboratory parameters in a central laboratory under standardized conditions that may not be achievable if data from multiple practitioners are used who send their specimens in from various laboratories.
There is clearly a widening of the social gradient in many European countries including Germany [21, 27, 28] . The present study was performed in Jena, a university-oriented small town with 105 000 inhabitants of which~20 000 are students localized in the former East Germany. The average gross domestic income is 33 880 Euro (average in Germany: 28 534 Euro). The unemployment rate is 7.4% for Jena (September 2010) and for Germany 6.9%. Thus, our study was not performed in a very 'poor' or problematic city with many structural problems. Nevertheless, our analysis revealed an obvious relationship between low SES and renal function in patients with mainly type 2 diabetes. The reasons for this relationship are presumably multifactorial, but a few suggestions can be made. All patients with diabetes being in the lowest tertile of SES were significantly older and exhibited a higher BMI compared with a higher SES. In addition, by looking only at patients with type 2 diabetes, those with a lower SES had a significantly worse HbA1C and were significantly often of female gender. Women may exhibit a lower SES than men because of likely lower income and more unemployment making an independent analysis of gender difficult.
Obesity is a well-known factor for progression of renal disease by various mechanisms (e.g. hyperfiltration, direct effects of leptin; for review see [29] ). On the other hand, patients with low SES have a higher BMI [30, 31] . Interestingly, smoking, a well-known factor for progression of renal disease, was not significantly associated with a low SES in our study [32, 33] . Similarly, blood pressure and the presence of hypertension, a well-known factor contributing to progression of renal disease in diabetes [34] , were not significantly different in the SES tertiles. However, the significant difference between low SES and higher SES and the HbA1c in the group of type 2 diabetic patients may suggest compliance problems.
Our study has obvious limitations. The study population of a university outpatient department may not be representative of other diabetic patients treated in primary care. In comparison to the German Disease Management Programme North Rhine 2007 [35] with 15 540 patients with type 1 and 330 000 with type 2 diabetes, our patients with type 1 diabetes were older (52 versus 43 years), had a longer duration of diabetes (20 versus 16 years) and a lower HbA1c (7.5 versus 7.8%). Age in people with diabetes type 2 in our study was comparable to the 330 000 unselected patients in the disease management program (66 versus 67 years) but diabetes duration in our study was longer (14 versus 8 years). A further limitation of the present study is that the analysis is based on current and retrospective data. Since only very few CKD Stage 5 patients were included in our study, we believe that a major influence of SES change due to loss of work and/or inability to work after initiating dialysis is unlikely. Nevertheless, changes in SES during lifetime could occur and were not assessed in our study. Therefore, a selection bias cannot be totally excluded, but seems unlikely. Nevertheless, our result should be interpreted cautiously. Although we used a previously validated instrument to measure SES [17] , problems may occur with this approach. For example, although elderly people in Germany often experience a decline in their SES, and indeed, patients with the highest SES were significantly younger in our study, that is not necessarily true for everybody and linking the SES with education and income may be problematic in patients !65 years. Finally, selective loss of patients with rapidly progressive diseases resulting in early death may occur. 3 . Relationship between the number of type 1 diabetic patients, the SES and CKD stages. In contrast to all patient (types 1 and 2) as well as only type 2 patients, no clear relationship exits between SES and renal function. However, albuminuria was significantly higher in type 1 diabetic patients with low SES (see Table 3 ).
Finally, one may asked what is the value of our study if proteinuria does not correlate with SES. All included patients had albuminuria and classification done according to the CKD stages. Albuminuria is, particularly in diabetic patients an unspecific finding, may change due to good therapy, and is after all a surrogate parameter. Moreover, it has been recently appreciated that there is a wide variation between albuminuria and not all CKD in type 2 diabetes is proteinuric [36] [37] [38] [39] . Recent studies provide strong arguments that small vessel disease may cause progressive loss of renal function in these patients [39] , but we have not studied this hypothesis further in our collective. Therefore, we believe our study clearly demonstrated an association between renal function and SES but not albuminuria and SES makes our conclusion even stronger. 
